Abstract-The authors describe familial tubular aggregate myopathy associated with abnormal pupils. Four family members from two generations had myopathy and pupillary abnormalities. The myopathologic findings consisted of tubular aggregates in many fibers but predominantly type I fibers.
Tubular aggregates in skeletal muscles were initially thought to be derived from mitochondria but are now widely accepted to originate from sarcoplasmic reticulum. 1 Their associations are nonspecific in certain conditions like periodic paralysis, but they form a major part of the pathology in familial limb girdle myasthenia and gyrate atrophy of the choroid and retina. 2 Familial tubular aggregate myopathy is rare, and to date there are only six case reports that suggest a true familial link. The majority show an autosomal dominant pattern of inheritance. 3, 4 We report a familial syndrome with tubular aggregate myopathy and pupillary abnormalities compatible with an autosomal dominant inheritance.
Case reports. Six family members in three generations were examined, and four with evidence of myopathy and pupillary abnormalities were investigated. The pedigree is shown (figure 1). The main clinical findings are summarized below. Patient 1. History and examination. A 50-year-old man sought treatment for a 4-year history of progressive muscle weakness. He also had difficulties with night vision.
On examination, he had regular-sized pupils of 1 mm, which reacted to light and accommodation. In the upper limbs, there was weakness (Medical Research Council grade 4) in both triceps, left biceps, and in the small hand muscles bilaterally. His deep tendon reflexes were absent.
Investigations. Serum creatine kinase (CK) levels were elevated at 800 IU/L. Quadriceps muscle biopsy showed focal endomysial fibrosis and fatty infiltration of muscle. There was abnormal fiber size variation with atrophic and hypertrophic fibers (figure 2A). Internal nuclei were increased in number. Inclusions suggestive of tubular aggregates were present in many fibers, mainly type 1. These were basophilic on hematoxylin and eosin staining (figure 2B), intensely stained with nicotinamide adenine dinucleotide tetrazolium reductase (NADH-TR) ( figure  2C ), but not stained for succinate dehydrogenase (SDH). Inclusions were stained with the periodic acid Schiff method and strongly stained red using Gomori trichrome technique. Inflammation, necrosis, and regeneration were absent. ATPase showed that the type 2 fibers were smaller than type 1 fibers. NADH-TR also showed many lobulated fibers. No cytochrome c oxidase (COX) negative fibers were seen. Glycogen and myophosphorylase staining was normal. Dystrophin, ␣-and ␥-sarcoglycan, merosin, emerin, and dysferlin expression were assessed in sections using characterized antibodies and were normal. Electron microscopy confirmed tubular aggregates with a mixture of thin tubular profiles, and dilated profiles containing granular electron-dense material consistent with dilated elements of the sarcoplasmic reticulum ( figure 2D ).
Patient 2. History and examination. A 48-year-old man, the brother to Patient 1, had exertional cramps in his thigh muscles and difficulties with night vision.
On examination, there was grade 4 weakness in triceps and intrinsic hand muscles. In the lower limbs, there was wasting of both quadriceps. Hip flexion on the left was grade 4 and on the right grade 4ϩ. Deep tendon reflexes were absent. Slitlamp examination revealed regular-sized pupils of 1 mm bilaterally in the dark that reacted normally to light and accommodation. Instillation of tropicamide (1%) only dilated the pupils to 1.5 mm and with phenylephrine (10%) to 2 mm; both of these reactions were abnormal.
He had two daughters who were both examined and were phenotypically normal with no evidence of myopathy or pupillary abnormalities.
Investigations. Serum creatine kinase levels were elevated at 1,453 IU/L. Nerve conduction studies and EMG of rectus femoris showed features suggestive of a myopathy. Quadriceps muscle biopsy showed severe endomysial fibrosis and fatty infiltration of muscle. The majority of fibers were severely atrophic with only rare fibers of normal size. Inclusions were seen in a small proportion of the remaining large fibers. These were basophilic on hematoxylin and eosin staining and intense on NADH-TR staining and morphologically identical to those seen in Patient 1. The samples reserved for electron microscopy showed insufficient large fibers to have sampled an inclusion-bearing cell, such was the severity of fiber loss.
Patient 3. A 42-year-old woman, the sister of Patients 1 and 2, denied any symptoms of muscle weakness. However, she did admit to less clear vision in the dark. Examination revealed bilateral pupil sizes of 1 mm in the dark that reacted to light and accommodation. Although asymptomatic, there was evidence of reduced power of elbow extension (grade 4) bilaterally. The deep tendon reflexes were present in the upper limbs but absent in the lower limbs. CK levels were also elevated at 797 IU/L. Patient 4. Patient 4 is a 74-year-old woman and is the mother of Patients 1 through 3. Since her teens, she had noticed difficulties with night vision and would experience transient blurring of her vision when moving from light to dark. More recently, she has found it difficult to raise her arms above her head and climbing stairs.
Her brother (aged 88 years) was not examined but was also reported to have small pupils. On examination, power was reduced to grade 4 in shoulder abduction bilaterally and grade 4Ϫ in elbow extension bilaterally. Hip flexion was grade 4, and knee flexion was 4ϩ bilaterally. She had pinpoint pupils, making assessment of the light and accommodation reflexes difficult to assess objectively (figure 3). CK levels were marginally elevated at 397 IU/L.
Discussion. Most conditions associated with tubular aggregates can be excluded in our patients by the history, clinical findings, and routine investigations. This includes Stormorken syndrome, in which pupillary miosis and myopathy with tubular aggregates are associated with thrombocytopenia and asplenia. 5 These systemic complications were not present in our patients.
The clinicopathologic importance of tubular aggregate myopathy remains uncertain. It is thought to be an adaptive, compensatory response to increased intracellular calcium levels that would have caused irreversible contraction of muscle fibers. 6 In the context of a familial presentation, it may represent a response to the primary genetic defect, which is as yet undetermined in our family.
In nonfamilial myopathies, tubular aggregates are usually found in type 2 muscle fibers, and this is most likely caused by the abundance of sarcoplasmic reticulum in type 2 fibers. In familial myopathies, they are reported to be present in type 1 and 2 muscle fibers. Similarly, in our report, tubular aggregates were seen in both types of muscle fibers, although their abundance in type 1 fibers is unusual.
We previously reported the case of a 51-year-old man who had progressive weakness, contractures, skeletal deformities, and miosis. 7 As postulated in that report, the pupillary abnormalities are likely to be secondary to a primary muscle problem as opposed to nerve involvement. There was no anisocoria; the pupillary outlines were regular; and the light and accommodation reflexes were intact with no evidence of light near dissociation. All these findings would make the diagnosis of Argyll-Robertson pupils or tonic pupils unlikely. Phenylephrine eyedrops work as a direct sympathomimetic, and the poor mydriatic reaction after their instillation makes a neuropathic cause of miosis, such as Horner syndrome, less likely. With failure to fully dilate the pupils in the dark, night vision becomes difficult, a problem described by all our affected family members. This feature may indicate pupillary smooth muscle dysfunction. The muscle weakness and pupillary abnormalities seem to cosegregate, suggesting a common genetic mechanism.
Our family appears to show a dominant mode of inheritance. However, affected females appear to have a milder phenotype and a later clinical onset, which may suggest an X-linked pattern of inheri- tance. Our family is too small to draw any meaningful conclusions about the absence of male-to-male transmission. It is also noteworthy that Patient 2 had a relatively mild clinical phenotype with severe biopsy changes. Whether this reflects the choice of muscle sampled or other factors is unknown.
